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TRANSCEIVER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the number of 
selective wavelengths by providing an optical switch part 
consisting of a 4-terminal optical circulator, an optical 
switch, and a light reflector in a return optical path which 
couples a specific input/output part of an array waveguide 
diffraction grating type optical multiplexer demultiplexer. 
SOLUTION: To extract one wavelength from a 16- 
wavelength multiplex signal when a wavelength multiplex 
signal of 16 waves is inputted to an input/ output port #1a 
of the array waveguide diffraction grating type multiplexer 
demultiplexer 1 and outputted from an optical fiber 5 for 
output from an input/ output port #9a of the said 
multiplexer demultiplexer 1, an optical switch 8b provided in 
a return optical path 6 connected between, for example, an 
input/ output port #16b and an input/output port 8b is only 
driven and then a wavelength signal A,1 6 is selected and can 
be taken out of the optical fiber 5 for output. Then the 
optical switch is switched and an optical switch 8a is driven 
to select another wavelength signal X8 this time, so that it 
can be taken out of the optical fiber 5 for output 
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^ < i; 1 *cOtff 0 3g L*fi^ fc . 

aoAm^i5^co#^tc, -:^os-?3t)^SM$fLS2ffl 

com 1 (^xmts^mmsmiixx/m 2 (Dxiatsytm^im 
^m^<Dm 1 <7)xtii:fi^mm^m<^ i msco^m^ 
ytm&mz^^tL. 

^^iz. mi&Jy-^j: <bi.l "9 M L3tff«{±. Iffiar 

S&ffc7) 1 SBcOTfeWiftfi^^tfOjMftS^ A i , 1 ( Ui 
SSc) , i5j;t^m<7)Am:^J:3t»ifeMPc^iSa^^:)7t» 

^m2 (Tixmtiytmmm^ k # a co^^jsi^ 

coMo^^MtrX i , k (kttm) , mtZTU^mm^ 

mtftm^m^-^^m^(om2coxii!,:^ttmkumco 1 # 
sco^mm^^-i^m 1 toAai:fj3i;^s&fflfco j ssio^t 

#iSff^^«7)3lj!SiS*S:A 1 , j , ^XU'm2c^)Xlii:hye 

mmmmc'^'k^s<n^mmm^^m 1 c^AS^i^^i^^ 
ifc^ j mB<7)iemm^<^mmmMi a k , j ^^^^ i: 

$.Ai, l=Ak, j,Ai,k = Al,j. (j — 



i ) = ( 1 - k) =N/2^r^Bgi^^}«^n,i^:^# 
WSfxTV^^ ' t ^!«fi^^:t- -Slf^JS 1 *:^{4it^iB2 

cff*Ji4 ] 'mk(nimmht-i:>t£hw. 1 ^oas^i^^ 
mmb. 'm2<^wm^imb. i^co3K»^a-^> 

^ S m 2 (7) Affi,tl3^S»}!SiKI^J; * 1, r 1/ >f WiSS&llI 
HfrfBT #jgi?&lHlJlff&l^S3t^:})-^:&|cOlS 1 coAtii^ 

l*^OASjM7l6*IS#i:, 

*«A^ffl3mif«*-'fi^$ix-l.*^^S&tS^rS3fe^ 

itrf er v ^ mmmm'^^-mt^WA^o^w. 2 (r>x^-n 

tt. l*c^&fDjML3te!E&i:. 
MiE^^^r< b h l*«f;f0jML3Kif&4'tc^{t^>ti, ^ 
#BfcSv^(iffi|gcSB<^Atii^Ji^^^v!)*taiBiJ'-'5r< bi,l 

Hfrfe43S^3t-9--^i^-:^'iOmiB^i'^^< t t 1 

0 il t3t^tcif ^§ tlX I ^^ufS^ a V ^{i^gs:* 

Ecoj.mtsm'Fco^^iz^ -ijcomT*mm^ti^2m 

(^ytmrn^b. 

mm^itm%m^c7)h o-ijcom^izmihix^ 2mc^ 
^m^b. 

mmcomM^m^cT) o iocom^comM^^miKm^z^ 
ill, fiP). S)&i.^{±tiii-r^F;fSco3t^fii)s)tstmMx 

com 1 coAai;^3t»iSB$l¥^3 J;t^-^2cr)Affi^3t»iSi?& 
^^iS^iO^ 1 iOAtti^t3t»iRS&^c7) i #ai03e«SS& 

ts^M^^^ifetico® 1 c^x^ti^mmmoyj m^<^y 
%Mm^\,zmm^K. 

^h^z, ifria^^^r <bhi ifco^fx "9 ® L%mt . luiar 
i^-f »i^^if§[i]t)ffg^M7t^ii-iS^om 2 «Am^)7t#iS 
iEm<^ 1 #a ^1 \^^^(7^^mmm^zim^tL. 
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isffifcT) 1 ms<7)^m&m^(r>Mmm^^ a i , i (n± 

mm) , ioJ^ V^m l i^J.Am*3\:#i*S&l¥<73 i #B^:)*# 
cojiiijfeft^A i . k (k{i»a) , ifrlBTi^-^^i^^ 

wmm<n^^^<n^mmt-hw. i «At±i^i3e»iS£§ 
ffif^ j m^<mMm^<m::m,^-^ a k , j i: t- i: 

?:.Ai, l=Ak, j, Ai, k = Al. j, (j- 
i ) = ( 1 -k) =N/2=5:^ra«^MJS.-ri.>li:<li: 

[000 1 ] 

S5^S'J^fi (WDM : wavelength-division-multiplexi 
ng) >-Xt--A. 7lfi3cMj^.^-fA^tCjoV)T7eiS«^Sfi 

^m^j:mi^zm-t^. 

[0002] 

[ 0 0 0 3 ] ii4«. Tu-!mmmmm^m-5i-m^i 
>y ^ aT'S)-?. , cDm4 i,z9sk-t^m.^MiKy ^ /i-?i±. 
ss) 1 6, mtsmycBS^-t^^iii^m^yrA^^ {^y 

r-<^N'em) 15, 1 6X 1 6r^-<«gi^[lISff&^^ 
#il Ofi. |gl«0Am:^3i;»^Pl 3i:. X^y3K^ 

mil 1 - r^-^#i!Sff&iiiwi§^ 1 0 5 , T.yyitm^ 

S&l 2, i3j;t/='m2i?)Am:^3^»iSfi&l¥l 4*-^>fflR!c^ 
:fll>. 4Jt, X-^ -y-flll 8(50#3tX-^ vf- ( 1 8 1 . 
183, 185, 187, 189, 181 1, 181 



3 , 1 8 1 5 ) {i. Tv^mmmfx^^m/iim^ i o 
m. 2 o#Aai*3fe#^^ 1 4 (ry2-^^^wmk<m 

{zm,iixtz\f^ 0 LTtlf^ 1 7 4i(c#^-ffl-r':>^lt 8ii 

LTajamitcf-s.^ iy.T, mAi^z^-t^Awm^y ^ 
)U9com^^. msi^z^-tru^mmmm^'T-m.t^ 

[0004] msi-z^-t^ 0 iz. mtit. xnb^i^xi 

l^l60A(±iSJ*;°-h<7)8#g<7)AffiSJ*^-h 1 38afc 

Ami7*°-M 4 1 b/\m::'3$ix. A 1 0{im2c7)Am 
:^34-s-b<7)3#@coAai:^^-b l 4 Sh^mtl^tL^ 
t\^oXdiz. ^mMizmtxm^j:i>Xiiiti^-hiziii 
tl^tl. fti^WtA 1 6{iAtH*rf^-M4 9b^tb:^) 

^tL^. m-h. mM^m.imii^m.mzwi'omx^fx.f:: 

[00 0 5] ^t5. HStCfcV^T, ^ 1 <7)Aaj:^j»ia?& 

a^m-tmif\^m^^ ( i-i 6 ) t^-<»»s#0 
wts^S3t^^i!fe§i 1 0 com 1 i^^xmtst:- b <7) 1 us 

<?)Atil^3^-b 1 3 1 ati-^ 1 6^Sc')Altitiyi^-h 1 

3 1 6 aSr^t, 1^2 <50AtB:^]^JSSIb Sr«-rS8f^ri6]<7) 
it* ( 1-1 6 ) rP-f#i)g3§[l]*ffS^ffi3t^ii^ig 
SI 0c7)|g2(7)Affi^J^°-bt^l#SiOAfli:b*-b 1 

4 1 b*>(i> 1 6|f ScOAai:^j4t-M 4 1 6 bS:7ii:L-C 

[00 06] iif, CTiJf , ia3c^5S^tC^-rj; 0 

iz, Tv--(ms.umt)fm^mzf&-^^m.^io(Dxtiiti^ 

-M 4 1 b bXtatSyt^-h 14 2 h b<^mi/ZW^^tl 

tm'omLm^i v^^zmf^ti^^x^ -y^isi^: 
mm L X m'M^mi>z-ttii^ . a s com-^^fd mmy^ a 
-y^ 1 8 1 ^aigL, rvAmmmx^m.itts'jfW. 
s 1 0 tfoAai:^ ^- M 4 2 b \,zx-n §^x. feSWtSI 
3 tc^t- J; 5 tc. r ^ wmmxm-mst^^WM i 

Ot^miOAffi^J;^°-hi7)7#BcOAajS]*r-M 3 7 

aA>^>^:7r-^^sYEiigsi btim^j^ix-S-o <ro«-^ 

(C, 3tX-< -y^l 8 1{4. A8i3j:t^A9<?0^i^Srai 

Aai^J*f-M4 2b*^A,cDA9cDm-t3feJi:, rP-^# 
»IS[lltlffS^^M7l£^^»fg 1 OtOAai:b;K- M 4 1 b 

tcA:^j$^xl)>0i'Affi:i3jK-h 1 3 7 a/j^A,m:^$^l>i 

tji^v^ -eojss. k9<r)m^%\izn'Lx\mwfix 

[0007] ^tO j; a ic. la!*<7)3eiSi«MiR7 ^ /l^^'t' 



(4) 



11-119 17 3 



Mi. !Wf^¥7 - 3 2 7 0 2 4-^^fgtCiBtt$n.T\.-^ 
[0 0 08] ^fz. iT^Mfli^Xr-A, mtli. 

<7)iS*fi^t:>f^ tTii^fiSr^f 33KjSftl«IPMh 7 yi^ 

(41, 42). (vSttfflii) (481-48 

n ) . «^$lJ«PKa ( 5 0 1 - 5 0 n ) ht-hm^^h. 
. 1 X NA^JJll^S:;l^-7" ^' >'^"ga4 1 i; 1 X Ntii 

(451— 4 5n, 461— 4 6n) J; oTfflStCffi 

[0 0 1 0] i<^3^»S|3lil|Mb5y>'-^M±, IXN 
A;^Jtl^^P-^ ^ y^-^a4 1 j; oT^j^if 

( 4 8 1 -4 8 n ) t= J: -^TSiReUt^P, aPI. itli 

■f-.S « i^J^Jf, MiSifc;^)^'F 1 j&>ji> F n 4 T-wNM«iS:o 
A:^ffl*»»ff§4 3 ^^LT l 
X NA:^MI«^;i^-T- ^ >y^m.A 1 CO A;*]*.- h #4 

1 afcA*$^l.>^ci:#. F l(im:^J*^-b#4 1 1 
m^jStl. F2{iai:^*.''-h#4 1 2b^ffi^J§il^^; 

MLTai:fj§fi.. ft*ie^j(cF n{i:ai:^j^-h#4 1 nb 

tcS'J D S-C ^>ixfcM^-S. aj::fj4^- LT 

[ 0 0 1 1 ] i.I'C. Mi.{f . 3\;iiB^4 8 3 SrJli^rifil 

*i'3Ktitafl4 8 3 T-t»itS$tl.. N X 1 th^JJWI&ft/l— 
'f>'^^K4 2c7)A::'34?-N#4 2 3atA^J^ft. ^ 

awtcN X 1 ^-n^mjv-^ ^ y^ms4 1 coai^t*^ 

[00 12] if^. ffSiO^feiiS^ (481-48n) 

2 comtiTi^- h # 4 2 b i)-^^iiitsm^mm^4 4 tcffi:^] 
ytmm^ ( 4 8 1 -4 8 n ) izmmthm'T-mK^'it^ 



a. rcO=fcd^Mi. !»M¥7-2 0 28 1 8-^&|g 
[0013] 

[%HH*«g^L J; d ^ t--g.iRii] tfriEia4 t^-r^tifeft 

1 V -^{iaisjift^ SMzMiK-t^ z b i-mmmz 
^mxh-ofz. ztiii. m^±mifix'^hmmny 
2i,zmm^rL&fzxbX'$)^ . 
[0014] i<50 j; a tc. 114 t,z^.-t^mMmiKy 4 

^Tii, NxNrP-<#^lf&IlIfjffSl^M3^^^l§l 0 

fj^w^^a^^'j^mm^^'^x \^h^zu^h A,-r\ stx 

1 / 2 tcSiJPI § #iT L 4 V \ IP . H 4 t:7K-r 

[0015] t.fz. mim'5\.zir<tiifA^nmm.v'yy 

jfefs ( 4 1 . 4 2) S:ffl^-^t)-€-TfflV^^«(t=5ccOT\ 
3te*W^[:Sa:t#*mii^ ( 4 S l -4 S n ) ^IgiftL 

T wA^ay 0 ■h:b-^mj^<^&M^:miRmizmm-r^m 
^-Tttitiii ( 4 8 1 - 4 8 n ) -/immziEm 

t, ^^0;t^^lo^07ttMfIf&^^^V^x^Ht-^^:, Fl® 

^mmmm^m.ye^^m.m (41.42) c^js^ 

ttc7)?flJKfe#tti>PBl®*^"3^ 0 . 4/^^. 3t»MSS (451 
-4 5n, 461 -4 6n) ^: ASjffl3t^S&4 3 ( 3^ 

^v^{itti^rffl3e^K4 4) iico^-h'TFS-^tciOife 

1,4 2) coimm^tm^j:^fz^. zcom^^mmL 

i:ot^i>t^^mm^ (4 8 l~4 8n) 

[0016] *^HB(i. H>riBt^e«oPois.i5;^ft??*-r 

6fzMzy^^fttzhcoX-$)K) . 3|s:^Bfl<7)gWi±. TfeiS* 

[0017] ttz. ^^miDimsmii. t/tm^mmm 
m^^zbizh^. 

[0018] ^^m<^mi^^(:>vi,z^coi&cr,s&^bmm 
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[0019] 

[0020] ^%m<r>m^WmSiy ^ )V9i,zi5\,^xi±. 
[0021] :^WM(^y&mMmm^hyyi^~y^zi3\,^ 

^'^ffiSL. SiS4S^^^-)f-=^-x^-^(7)f|!i(7)2iSi^ 
[ 0 0 2 2 ] Sf^. mriBTP^»i^fiSlElf/ftS^-M7t-^4)' 

m^m3t^^'&^(7^m 1 ^oAm^Tt^feifs^o j #s 

f§fOM2c?5AttJS]3t*i*fiSPiO 1 #B t k#gc07li»iS 

1 ^OAai^J3^»i^fei?&PiO i #Si03t2$jfeE«^>A,|| 

i , 1 ( KiSifc) , ioJ;V'miOAaJ:^3^»iSff-& 
Pf^) i #B«7K»lftBS/!)^A,m2t^Am^J3t»M^ff<7)k 
#g(7^^#^ifg/v£r)jliaig^;RS:A i , k (k{±^a) , 

Buier^-<»M^iiiJffts^S3t^^jSS«o^2coAffi:^3 

3t»iSEmt^ 1 m^<^^^&m-t^% 1 iOAttitiT^Wj^fe 

1/^2 «OAm*3fe^MS&PtO k#ac03K»iSi?&*-^>m 1 

Affi:^J7t#?ifeE^ff^0 j # a iOTt^feE^^cOiljiSfeft S: 
Ak, j Ai, l=Ak, j,Ai,k = 

Al, j. ( j - i ) = ( 1 -k) =N/2^^Mf9i^ 



[0023] 

[ 0 0 2 4 ] 'mmoyWM^m¥rthfz>h<r>-^m.z 

[00 2 5] Lmimmm i ] a i *5^0Sc^*]tfi<5o 
mm 1 ^ ;p^so«tB&«jt^*t-7"o -y ^ 

m^m^x'hhx-^m^yr^^^A. ^-^m^m^x-h 

-g.m^jM3t7r^vN'5. 16x1 erv-immmmm 

sii8 0i:3&^ii>«fiS$fL^„ ri^^m^^mfx^ 

^M^:J>jfe^l{J:. |iriSfie*f?iJt|B|«, lgl<7)Aai^ 
-T) . ^3ctW'■^2^7)A^ii:^l3t»^ftl^§P3;&^^>«^§^^ 

3tx-^.yf- (8a, 8b) . n i:mmm9 bt>i^m 

{S, (Si) (s i 02 ) ms.ALt,z 

U 3>' ( s i ) W&±.\,zy ■/*'ft.-KU-f S l^^os^^ 
y^-^A ■ (LN) a«±t^ 

(Ti) fii:t5tcori:t:7'K'J^^A ( l i n b o 3 ) 

?t#&ff§. I nP^GaAsSM±t::l nGaAsP, 

G a A 1 A s m(^^^m-Witm^^x'im^fi^ . 

[00 26] 3tX>f -y^ (8a, 8b) {i, Tl^-f^ 

if&Ei»ftS^S^JStl 1 coX\i^i)^^~V^Xikthm.m: 

I nGaAs Pfcl)^^{iGaA 1 As^c03t^^#: 
r^r. fe-S.VT>(i. -::t:/Ky^'>A (L l NbOS > 

^ .y ^^*iif iitcfflv ^hfih. mmm±m^ 
xh^xtsm^y r a f^Am.TS^-nm'^y r ^ n' 5 

[00 27] -mt;. r^^»«f«0StfS^M3t'^^^i!S 

s 1 6oa3i**«i, ffiffl-r^ Aai;'!^^- N xwMmzfi^ 
cDMii^^Srtoi^T, m?>\z^-trvAwmmm^ 
Am:?3*f,^.a^ffl(. imth . 

[0028] H3 tC^-r<J: 3 \.Z. mUt. 1 6SiO?$ft 
AtifflT^i::' T^A"4^^LTT1>^ »«iE#[lI 
#ftS^S^^ifelff 1 «Aai:^irf^- b # 1 a.^X-n^Kh 
Am:fj?K-h#l b3b-^>Affi:'3*f-h# 1 6bt. 

^ixmA l>f)^A,A 1 6i0i!fe*^itii:tl$^l>, 

[00 29] t£ii^ m3\,zii\^x^ mi«Am^j»jfee# 

a &|ft-rffi:^[6l'7)»^ ( 1-1 6 ) Tl^^^ifSllI 
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( 1-1 6 ) Tu-!mm^mimi'm/6^-5^m^i 

(7)IS2<7)Atii^J*i°-h(7)lSgc7)AI±i^J*:"-b# 1 b*^ 
[0030] mSc^^T^-tX 0 tc. TU-^mk^W\ 

iffmi'M-^j^mm 1 cT^xmtsni- b # s b > y^mijt'- 
A ^wmm-m.^'jfW.^ i <nxmi^^~ n # 9 b t 

Aai:^l^-b#l bt^ffiiSt-St, AltA9iO}ft« 
5tcLT. ffi<^Affi:b4^-h^4lf'93lL3m-C«t-.S. 

fih. ^}ft;^*^'as-ra^fL/i:.coAai^j^-^°-h 

rBltC^(t^>ft/^tff 03g L*fi^ 6 tfit3tX ^ -y ^358 0 ^ 
iStt. SK3teX>f >y^gE8 0tf03KX>f -y-?- (8a, 8 
b ) ^IgKrrs ^ i: J; D . laf*MT-{i^tg;^i'-9 1 

^h^bifX'^h. 

[0031] lilT. *S^iftcO?^KI<Oit?ft^^7T-f 

tS^M3t-^ii-iSS 1 coAai:ft4^- b # 8 b bK'^-yn^'- 
b#l 6bratc«igg§ti^*fD51L3tif&6cfJtc, ^i^ilf 

j; a (c 4 m-¥i%-^-^ ^v-9imm^. § . 

4 ) tC3tKifli9 *fflix^3tX-f .y^ ( 8 a , 8 b ) *i 

[0032] 16 'mn>'im.=S'mM^t-KhWiit7 rAf<. 

m.^ 1 c^Atii^*.- b # 9 a m^ffl^t^ T 5 

§:JiVJlii-thcDb-t6b. mm. Atii^J*^- b# 1 6 

b bxm-^yr'- b # 8 b h (T^rs^ztm^fifzm 'oml^ 

■t:ibifiX'%h. mz., -f •yf-^-E)J'9#X.T7tX-^ 
•y f~8 a ^im-r.?. b . ^-^fiS'J^Ol^^ftfM-^A Qti^M^ 

m-~^s^l-~^7i<zmm^Kfz'ltXA .y^ (8a, 8 

b ) ^mmtmmm.com.^^M^m-h ^ ^^t-s^ -g. . 

=5rfe. miSIMBHTii. ^fefi-^A^b^K- b * # 1 a . 3^ 
^\i^^^-V^^9 3ibLfzt)K ^ti^zm&^ix^h<^ 

[ 0 0 3 3 ] fip*>. mtiTv-imw.^mm^m.±-^^ 



^mxm-m±-^^m^ 1 <^is 1 oAm:b3\i#^^2 

j # a t7)3t#itgsg {c mi] fflite 7 r ^ ^' 5 ^ tf ^ L . s 

^> . luier u ^ »a;E«0f;fts^ 1 ^ym 2 

«Aai^3t»MS&ffif 3 to 1 #@ b k#aco*«lfeSSHt 

1 (nKl^tlitWmmc^') i Sgc^3K»iS^ 
S&>{)^^.^2cOAai:^33lf»iifelE#pfO 1 SSi03te2»jSE^^C0 
a3§«^*^A i , 1 ( UiSSfc) . i5i:UW.lcr>X\^^ 
^(^^mco i #S«3l5#^*-i^m2coAm:?J*^ 
;fSS<7)k#g(7)3tWi!feS^f0a}iii!S*$:A i , k (k{i 

, ltri&T^^#iS^iiiJfft§^M3\i^^jg^^c^m2 

flSlS^^Ak, j b-ttb%. A i , 1 = Ak, j . A 

i,k = Al.j, ( j - i ) = ( 1 -k) =N/25r 

Ktimmmb \i^^mmmc^iimm^ti^i-'^m-th i b 

■if^mb-^j:h. 
[0034] mUi. N= 1 6C0m^X\ i = 1 . J = 
9j3j:t/k = 8. 1 = 1 6c^i:§iff DilL^KeSraS 
ft^3KlS^;R:(iA i . l=Ak. j =A 1 6S3j;t/A i , 

k=Al,j=A8, ( j - i ) = ( 1 -k ) =N/2 
= 8 t D . m2cr>7^lii:^Mmmiz^'ti. o iz. A Si^ 

xv^Ai 6c^)2-&Mi,zM-t^mMmm^^mb^£h. m 

mmmzi bw.mzn-thmm.ff'^mbts:^ . 
[00 3 5 ] t.fz. ^-mmmmxn. rxy^mmm 
tffts^M3t^^fes 1 mmwj:^y ■< )V9 b Lxm^ 
-th<r)X\ ^-^m^u^^^^m^-th^bifx^. ± 

[0036] 3|5:|Ufic7)?^.^tct5V^-C, Jf DpSL^ 

S^6. 3tX-<>y^gP8 0 (45te^3t-9--^il^-^7, 

3tX-Y.y^ (8a, 8b) . t^MMIIQ ) . '!-#I^>tOS 

«fi 1 1 n~(^^itmwL±.^z^:th^ b i.m'^x'hh. 

[00 37] ^mciO. «i^3^^7r-^•>^'^3tn^.^ 

( ftfiffift ) ^mh^b -fjix^ h . 

[0038] [mm<7)mm2 ] 02(5, :^^mcomm(^ 

mm 2 c^ytm^mmm b ^yi^-^<c:om«&mfS.i^^-ty' 
n .y ^ mx h h . ^•mk<mm.<n^&.mmm. b ^ ^ ^ 

Wi^m^X'hh'AlnW^ity r A f<.'5 . 16X16T1^^ 

v*^iiiisi?8 1 ^;^>A,iifi^§^i,, i^T-, ru^^ 
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3f-ihmm.-^fih. ^fz. itmmw.& i«. 7^+^-^ 

aL— 7 , ±m%m^ (88, 816), isi^u^m. 

[00 39] rv4mm.^m^m^m.%-^mmii., m 
imm^mm 1 1 mm. y n > ( s i ) sis^-s^ 

( S i O 2 ) «±ic5il*^'5X3t»jfeE«^T-f^»^ 

hh\^ht. i^V=iy (Si) a;^tc7-yS-ft; 

jKu-f 5 vmcomj^^ytmmm. u^-^a ■ -^--f :t<- 
^ ( l n > mm±i<zT i teffirc^-^yis g f-^A ( l i 

Nb03)5t#^S&. I nP^GaAs»M±t-I nG 

aAsP. GaAlAs ^^03\^4i^#c3^^}(gif^t-f1^M$ 

tis. ^^mmm (ss, s i 6) Ji. Tu^^«if#iii 

a A s P J> I, V 4.± G a A 1 A s ^CO^^m#.mm^. M 

cio3) ytmmm^m^. h^^-^imyr-iy'^x-t 

msmm (88, 816) co-:^r«^ffliiffltieSN 

[0040] ■^m:mmmo-)r]y^m'mmm^Tm.^ 

^^X. m2^Z7r^-fXdi.z. T^-f#MiK[l]lfffS^S7t^ 
^m.^ 1 c^Aaj^l*^- h # 8 b i: Am^rd^- h # 1 6 b 

ratcit^^^^^iFf Oil t*f« 6 1 . mm^mLim 

6*i5g^l ^:S^3^t:«fg$ns j;a^^4^^t*-tf 
-^i^— ^'72rEgt, '5-603t^f-^j-^-:3'7<5oa 

O^Offi^^ (S^^2 hS^4 ) tC7te^MSl9 irmUz^^ 

mwm^^^s 1 3t^fiisi^ { s s . a i e ) ^ lt 
^^tm(^tix\^hm-^(n'i^^§'mm^<:^mm. 
mmmmz-:>\,-^x&:f\.zmmizmM-h . 
[0041] 16 '<&<D^^^m.m^itt?xtim^y r a 

6i-m^ 1 cr,Xlii:fJyti~ b # 9 a J: 0 m:Jjffl3e7 r 5 

t-(,iiit)^ix^i&^i,z. lemM^m^imi^'^t-^i 
mm^mai'tt'ttiii. mm. xii!,ts^-h# 1 6 
b i: # 8 b h comzmm^iitiifT o m L3m 6 fpco^ 

im^Q 16 (mh. ^^mimmms i ) iy^^rx 
iiiT (T) ^'jrLxmjjmz^urxLxti^. f<>Ar 
y-Wt ( T ) (nmW^&r^- V J; '^n)VX\%^^Kn^'^ 



[0042] ±fz. ^^fiii^s 1 6 rxm- 

(T) ^^LT)III:^r6]tC^NM7'XtTfc§, ^^WTXS 
^ ( T ) (7) WMiS'-K- h i D 7K^»*ii11tl 3 1 £7) P N 

[0043] t.fz. ^e^aw^s 1 6 ^nhh\^f,m.}^ 

4 T.XtcLT*5< h , mE^-ti^'<^'^mxmM^fihcr> 
X\ m^m^k 1 6:6i^^icKn-/TS:fi.til^Jffl7fe7r 

tc, 3\i^1fti!i|§|8 1 6 Sr)llM:^rf{iItc^s--YTXLTfiJ#*-^ 
Zb%>X%^. 

[0044] <>K[z. ^mm^^:mmx.x±^mM^ 

8 8 mib. 7t^#:WS§l) ^-jKiisy 

[0045] icoj;dtctT, m'^-t^W-mmt^n^ 

( 8 8 . 8 16) (3fe^#:tii|B:&^3 1 ) ^lEiTT 

fimmcnm^\,znLxmmm^-t^ z. t jij^T-i s . 

[ 0 0 4 6 ] ^ri5, MI5ISBHT-i±, mmX:ht'-hi: 
#la, 3tft-^ai^*.-h&#9 at 

SSti.l.i>coT-{i^<. fiScoAffilr^-h^ffifflLTt 

[ 0 0 4 7 ] Ep-i^. mtmm<r)mm 1 1 i5i«. frisr u 
^ mm^mim'f-m.it-^^'im i i coAm^^iTK^ 
nm2(Di m^(D±mmizx^mity r >f ^^'4 

m 1 £^Atil^I^#iSff#l¥2 « j * Sc^3t^S&tm^lffl 

1 <?Jm2 fOAm^bit^iftS&PS to 1 # 
g i: k # a c^3K#j;Sff«ratcfJf D }g L3K3§ 6 * fSM L . tli 

tar 1^-^ ^jSs^stfffs^ST^^^ifts^is i ^oAm^tiTt 

m^^m<^ i #Sc7)3\;^g&;&./^^2cOAm:b3\^ifel?& 

1 m^<r>itmm^^-^<^mm^^ ^ i , i ( u^s 
sc) . axx/m 1 i^^7vaii]7i;*}SS&ff<7.3 i #Bto3i:Wis 

2 OAai^T^^iiglf^S^ k # s a^itm^^^<^ 
ili^Sft^A i , k (k{4m) , HUlBrix-<»iSS&[lI 

i^^S^ffl3^-^^^i^S^o|g2^oAai:^I3teW^ftl^gp^o i #S 

1 «Aal:^I7fe#^fe^ssf« j m^omm 
m^(r>mm.-S:^ X i , j . ^ j:t/®2tfOAai:b3K^ 

^iSp£7)k#S(r)5t»i!feiK*-A>^ 1 tOAt±i*3^»fef§ll 

^,Ai, l=Ak, j.Ai, k = Al, (j- 

i ) = (1 -k) ^n/2^j:tmimm&^mix\^. 
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[0 048] mUi^ N= 1 b\,ZiiV^X i = 1 , j = 9 
*3j;t/k = 8. 1 = 1 6c7)t ^WDiML^tfSe^iiSfi 
m^^WiiXi. l=Ak, j =A 1 6*5j;i/A i , k 
= A1. j=A8. ( j - i ) = ( 1 -k) =N/2 = 

[0049] ifc. ^msmmm(^^)&Kmmmh9y 

[ 0 0 5 0 ] ^ri3 , :^mimmm 2 cr)ytmM:mmm h 7 
m*)MLmi6. ytmM.mm8i (3^-9- 

-dr^l^-^ 7 . (88, 816). 

fJiaHM^Off^Pi- ^-5' t *f*9^iciM0J L . 
[00 52] 

w^ct otcj; ■oxnhti^n^^mmztm-ttat. t 

[00 53] ( 1 ) *^BHtC J;ixH\ Tl^^ #Mlf#Illiff 
4S^3t-9--dfil^-^, 3tX-f .y^fc itX 

[00 54] ( 2 ) *^BHtc iixjf , r p>f ^i^g^mw 

x\ ^rMh%m^Tv^mm,m^m^m.^w^^ 



[0055] ( 3 ) ^mmzi^fni. rv^ wmrn^ 
2^i^e^gfiofc^o>^Ji•l^iT1^^, 

[0056] ( 4 ) *%0JtC iilH'. Tl^^ W«yE#[lllff 
<nx. ^<Wj:Wm^im.%^^'th^bifiX^ . 3K^n 
[0057] ( 5 ) J;tH±\ ^TO«Ji£S«^ 

[HI] *^BH<7)^M^o?F;J« 1 <ri^&,^^y < ivdxn 

[ H 2 ] ^-mmcommmm 2 ^o^a^siBjuM h 7 >- 

[ H 3 ] r 1^ ^ Wimmx^m.^%mn<7)x\i^:nn 

^M^m~tmxh^. 

[04 ] ^;^iJ'co^RBSffiJt^^•rr 

0- yi^HT'S)!., 

[05] l^^*<7)^Jfit7)J^ffi,<7)7ti!fe;g|5llfflS h 5 ^ i^-^ ^' 
<7)«{Bf&«jKSr*^7'n 'y HT'^ I. « 
[^-f-iOiJiBJ] 

1 , 10-16x16 rv-iw^^mmmi-mf^WA 

2, 1 3---mi<7)Afii:^i7t»i!g5§l¥. 3, l4-« 
2coAtil:^:7t#jSKff, 4, 1 6••■A^]ffl7ld7T-^^s■ 
(A^l^tilili^) . 5, 1 5-ai^iffl3t7r^^Mm*ffl 
. 6. 1 7---fJfOiIt3tSg, 
Qa, 8b, 181, 183, 185, 187, 
189, 1811. 1813. 1 8 1 5"-3\SX-f >y^, 

9---3teMi+fi. 11, i2--7.^yimm.m. iq-^ 
x>f-y^i¥. 3\-^^mi¥mm^. 4o--inP'>x 

4 1---1 XNA^JlHiSfeS/L'— r-f 4 2--- 

N X 1 m^jjajsiyi'-T- >f y^'sa. 43, 44, 45 

1— 4 5n, A6 l-^-Abn'-^mm^; 4 8 1—4 8 
n---3tJilPStff (YStt ( F-7°) mm) , 5 0 1- 5 0 n 
-m^$IJ»^«, 8 0---^X-< -y^gP. 8 1 --Tt^irii 
gp, 88, 8 16--««^, 1 0 5-T^^»?SI?& 
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CHI] 



1 ; 1 6 X 1 6 T u- -f mm^mifr^^m ^fe-^fl^iss 
2 :si roAm*aia?s 




4 : xfim^ 



3 ; «2 60Am*a-;^ss 
7 ; 



8a; sfc^-f 5^ 

8i>; ^T.'f-j^ 
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